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Objectives: The purposes of this study were to investigate the prevalence and distribution of interver-
tebral disc degeneration (DD) over the entire spine using magnetic resonance imaging (MRI), and to
examine the factors and symptoms potentially associated with DD.
Design: This study included 975 participants (324 men, mean age of 67.2 years; 651 women, mean age of
66.0 years) with an age range of 21e97 years in the Wakayama Spine Study. DD on MRI was classiﬁed
into Pﬁrrmann’s system (grades 4 and 5 indicating DD). We assessed the prevalence of DD at each level in
the cervical, thoracic, and lumbar regions and the entire spine, and examined DD-associated factors and
symptoms.
Results: The prevalence of DD over the entire spine was 71% in men and 77% in women aged <50 years,
and >90% in both men and women aged >50 years. The prevalence of an intervertebral space with DD
was highest at C5/6 (men: 51.5%, women: 46%), T6/7 (men: 32.4%, women: 37.7%), and L4/5 (men: 69.1%,
women: 75.8%). Age and obesity were associated with the presence of DD in all regions. Low back pain
was associated with the presence of DD in the lumbar region.
Conclusion: The current study established the baseline data of DD over the entire spine in a large
population of elderly individuals. These data provide the foundation for elucidating the causes and
mechanisms of DD.
 2013 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Intervertebral disc degeneration (DD) is thought to be the ﬁrst
step in degenerative spinal changes1, and is typically followed by
the gradual formation of osteophytes, disc narrowing, and spinal
stenosis2,3. Furthermore, DD is considered to be one of the causes of
several symptoms (neck pain or low back pain)4e7. Therefore, in
terms of developing preventive strategies for spinal disorders, it
will be important to obtain fundamental data on DD (prevalence,
distribution, associated factors, etc.) in a population-based cohort.: H. Hashizume, Wakayama
Wakayama 641-8510, Japan.
H. Hashizume).
s Research Society International. PWe believe that the analysis of DD over the entire spine would
providemore useful data than that of DD in the cervical, thoracic, or
lumbar regions, separately. In particular, investigations on the
extent of DD in these three regions using whole spine magnetic
resonance imaging (MRI) could provide useful data concerning
intra-individual factors in the development of DD. Several studies
have examined degenerative changes in only cervical and lumbar
discs because of the high susceptibility to DD in these regions8e12.
As well, several previous studies have investigated the aging pro-
cess of the intervertebral discs in the cervical and lumbar regions
using MRI in population-based cohorts13,14. However, degenerative
changes in the thoracic region and correspondingly over the entire
spine are poorly understood, because DD in the thoracic region is
considered to be an uncommon problem15,16. In particular, the




No. of participants 975 324 651
Age strata (years)
<50 125 38 87
50e59 175 59 116
60e69 223 65 158
70e79 261 89 172
S80 191 73 118
Demographic characteristics
Age, years 66.4  13.5 67.2  13.9 66.0  13.4
Height, cm 156.4  9.4 164.6  7.2 151.5  7.2
Weight, kg 56.8  11.5 64.5  11.6 53.0  9.4
BMI (kg/m2) 23.3  3.6 23.6  3.4 23.1  3.7
BMI (WHO-Asian category) (N)
Underweight 61 16 45
Normal 425 124 300
Overweight 361 139 221
Obesity 128 44 84
Baseline characteristics
Symptoms (%)
Neck pain 24.9 19.4 27.7
Low back pain 43 36.7 42.1
Life style (%)
Smoking 10.7 25.2 4.1
Alcohol consumption 31.4 56.8 18.8
BMI category for Asian was based on World Health Organization (WHO) guidelines
deﬁning underweight (<18.5), normal (18.5e23), overweight (23e27.5), and obese
(>27.5). Values are the means  standard deviation.
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is believed to reduce the incidence of degenerative diseases in this
region17.
Consistent with the above-mentioned previous studies, a
population-based cohort analysis of DD in the different spinal re-
gions using MRI could be used to examine the distribution of DD
over the entire spine. However, to our knowledge, no previous
studies have performed this type of investigation with a
population-based cohort.
From the perspective of discogenic pain, the association be-
tween DD and symptoms remains controversial, although several
reports have found that DD was a source of low back pain4,5.
Moreover, reports on the association between the presence of DD in
the cervical and thoracic regions and neck pain are rare6,7. Further,
these studies were not performed with population-based cohorts
and did not use whole spine MRI. Thus, no study has assessed neck
pain and low back pain within individuals using whole spine MRI.
To clarify the points described above, we established a population-
based cohort study in which participants underwent whole spine
MRI and were examined for symptoms associated with spinal dis-
orders. This is our ﬁrst report of DD over the entire spine based on a
cross-sectional examination of a baseline population.
The aims of this study were to examine (1) the prevalence and
distribution of DD over the entire spine using MRI in a population-
based cohort, (2) the factors associated with DD (age, gender, and
body mass index [BMI]) in the cervical, thoracic, and lumbar re-
gions, and (3) the association between DD and symptoms (neck
pain and low back pain).
Methods
Participants
The present study, entitled the Wakayama Spine Study, was
performed with a sub-cohort of the second visit of the ROAD
(Research on Osteoarthritis/osteoporosis Against Disability) study,
which was initiated as a nationwide, prospective study of bone and
joint diseases in population-based cohorts; the cohorts were
established in three communities with different characteristics (i.e.,
urban, mountainous, and coastal regions) in Japan. A detailed
proﬁle of the ROAD study has already been described else-
where18,19. Here, we brieﬂy summarize the proﬁle of the present
study. The second visit of the ROAD study began in 2008 and was
completed in 2010. All the participants in the baseline study were
invited to participate in the second visit. In addition to the former
participants, inhabitants aged 60 years and older in the urban area
and those aged 40 years and younger in the mountainous and
coastal areas who were willing to participate in the ROAD survey
were also included in the second visit (both the mountainous and
coastal areas were in Wakayama prefecture). Finally, 2674 in-
dividuals (900men,1774women) participated in the second visit of
the ROAD study, and comprised 1067 individuals (353 men, 714
women) in the urban area, 742 individuals (265 men, 477 women)
in the mountainous area, and 865 individuals (282 men, 583
women) in the coastal area. Among these three communities in the
ROAD study, the mountainous and coastal areas from which we
invited all 1607 participants (547 men, 1060 women) to the
Wakayama Spine Study are located in Wakayama prefecture. Of the
1607 participants, a total of 1011 individuals provided written
informed consent and attended the Wakayama Spine Study with
MRI examinations20,21. Among the 1011 participants, those who
had MRI-sensitive implanted devices (e.g., pacemakers) and other
disqualiﬁers were excluded. Consequently, 980 individuals under-
went MRI of the whole spine. Furthermore, one participant who
had undergone a previous cervical operation and four participantswho had undergone a previous posterior lumbar fusion were
excluded from the analysis. Finally, whole spine MRI results were
available for 975 participants (324 men, 651 women) with an age
range of 21e97 years (mean, 67.2 years for men and 66.0 years for
women). Table I shows the demographic and baseline character-
istics of the 975 participants in the present study.
For the purpose of analysis, the participants were divided into
ﬁve age groups: (1) under 50 years, (2) 50e59 years, (3) 60e69
years, (4) 70e79 years, and (5) 80 years and over. The anthropo-
metric measurements included height, weight, and BMI (weight
[kg]/height2 [m2]). BMI was categorized according to the guidelines
for Asians proposed by the World Health Organization and was
thus deﬁned as follows: underweight, less than 18.5; normal, 18.5e
23; overweight, 23e27.5; and obesity, greater than 27.522. Experi-
enced orthopedists also asked all participants the following ques-
tion regarding neck pain and low back pain: “Have you experienced
neck pain on most days during the past month, in addition to
now?” and “Have you experienced low back pain on most days
during the past month, in addition to now?” Those who answered
“yes” were deﬁned as having neck pain or low back pain based on
previous studies23e26.
MRI
A mobile MRI unit (Excelart 1.5 T, Toshiba, Tokyo, Japan) was
used in the present study, and whole spine MRI was performed for
all participants on the same day as the examination. The partici-
pants were supine during the MRI, and those with rounded backs
used triangular pillows under their head and knees. The imaging
protocol included sagittal T2-weighted fast spin echo (FSE) (repe-
tition time [TR]: 4000 ms/echo, echo time [TE]: 120 ms, ﬁeld of
view [FOV]: 300  320 mm), and axial T2-weighted FSE (TR:
4000 ms/echo, TE: 120 ms, FOV: 180  180 mm).
Sagittal T2-weighted images were used to assess the interver-
tebral space from C2/3 to L5/S1. C2/3 to C7/T1, T1/2 to T12/L1, and
L1/2 to L5/S1 were deﬁned as the cervical region, thoracic region,
and lumbar region, respectively. DD grading was performed by an
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The degree of DD on MRI was classiﬁed into ﬁve grades based on
Pﬁrrmann’s classiﬁcation system27, with grades 4 and 5 indicating
DD. As shown in Fig. 1, the signal intensity for grade 4 was inter-
mediate to hypointense to the cerebrospinal ﬂuid (dark gray), while
the structure is inhomogeneous. Meanwhile, for grade 5, the signal
intensity is hypointense to the cerebrospinal ﬂuid (black), and the
structure is likewise inhomogeneous. In addition, the disc space is
collapsed. It has been reported that loss of signal intensity is
signiﬁcantly associated with the morphological level of the DD and
is also associated with both thewater and proteoglycan content in a
disc28. Therefore, we used a grading based on signal intensity and
disc height. For evaluating intraobserver variability, 100 randomly
selected magnetic resonance images of the entire spine were
rescored by the same observer (MT) more than 1 month after the
ﬁrst reading. Furthermore, to evaluate interobserver variability, 100
other magnetic resonance images were scored by two orthopedists
(MT and RK) using the same classiﬁcation. The intraobserver and
interobserver variability for DD, as evaluated by kappa analysis, was
0.94 and 0.94, respectively.
“Prevalence of DD”, which was deﬁned as “the proportion of the
number of participants who had DD at each intervertebral space or
region or over the entire spine divided by the total number of
participants”, was used to describe the frequency of the presence of
DD. In the analysis, to clarify the associated factors using multiple
logistic regression analysis, we entered a variable of prevalence
state (1, presence; 0, absence) of DD as a dependent variable.Fig. 1. Mid-sagittal view on T2-weighted images of the whole spine MRI with Pﬁrrmann cla
were considered degenerated. The signal intensity for grade 4 was intermediate to hypoi
Meanwhile, for grade 5, the signal intensity is hypointense to the cerebrospinal ﬂuid (blackStatistical analysis
Multiple logistic regression analysis was used to estimate the
association between the presence of DD in each region (cervical,
thoracic, and lumbar) as dependent variables and the age group,
gender, and BMI category as nominal independent variables after
adjustment for the age group, gender and BMI category, mutually.
Additionally, multiple logistic regression analysis was used to
estimate the association between the presence of neck pain or low
back pain and the presence of DD in each region after adjustment
for age, gender, and BMI. Furthermore, in cases in which the pres-
ence of DD was signiﬁcantly associated with a symptom, we
examined as a sub-analysis the association between the presence of
neck pain or low back pain and the number of DD (categorized into
“0”, “1 or 2”, “3 or more” for ready assessment) in each region using
multiple logistic regression analysis after adjustment for age,
gender, and BMI. All statistical analyses were performed using JMP
version 8 (SAS Institute Japan, Tokyo, Japan).
Results
As shown in Table II, the prevalence of DD in the cervical and
thoracic regions and over the entire spine increased with the
elevation of the age strata in both men and women. For both
genders, the prevalence of DD in the lumbar region was also
increased with the elevation of the age strata up to the 70-year-old
age group but decreased in the 80-year-old age group. Table IIIssiﬁcation. The grade is described according to Pﬁrrmann classiﬁcation. Grades 4 and 5
ntense to the cerebrospinal ﬂuid (dark gray), while the structure is inhomogeneous.
), and the structure is also inhomogeneous. Additionally, the disc space is collapsed.
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entire spine for the participants in this study. The three highest
prevalence levels of DD in the intervertebral spaces in the cervical,
thoracic, and lumbar regions were as follows. The prevalence at C5/
6 was 51.5% (95% CI: 46.1e56.3) in men and 46% (95% CI: 42.2e49.9)
in women, followed by the prevalence at C6/7 of 43.5% in men and
33.3% in women, and at C4/5 of 38.6% in men and 35.8% in women.
The prevalence at T6/7 was 32.4% (95% CI: 27.5e37.6) in men and
37.7% (95% CI: 34.1e41.5) in women, followed by the prevalence at
T7/8 of 31.8% in men and 36.2% in women, and at T5/6 of 28.4% in
men and 35.9% in women. The prevalence at L4/5 was 69.1% (95%
CI: 63.9e73.9) in men and 75.8% (95% CI: 72.3e78.9) in women,
followed by that at L5/S1 of 66.7% in men and 70.9% in women, and
at L3/4 of 59.3% in men and 61.9% in women.
Anolder agewas signiﬁcantly associatedwith the presence of DD
in each region. Gender was not signiﬁcantly associated with the
presence of DD in each region, although men demonstrated a ten-
dency for a greater number of DD thanwomen in the cervical region.
In addition, overweight status (BMI: 23e27.5) was a signiﬁcantly
associated factor in the cervical and thoracic regions, and obesity
(BMI: >27.5) was a signiﬁcantly associated factor in all regions
compared with participants of a normal weight (BMI: 18.5e23)
(Table IV).
The participants with DD in the cervical region did not signiﬁ-
cantly differ in terms of the presence of neck pain (OR 0.88, 95% CI:
0.63e1.22, P ¼ 0.53). The presence of DD in the thoracic region was
not signiﬁcantly associated with neck pain (OR 0.84, 95% CI: 0.60e
1.19, P ¼ 0.33) and low back pain (OR 1.08, 95% CI: 0.80e1.47,
P ¼ 0.60). However, the presence of DD in the lumbar region was
signiﬁcantly associated with low back pain (OR 1.57, 95% CI: 1.02e
2.49, P < 0.05). Moreover, in a sub-analysis, we investigated the
association between low back pain and the number of DD in the
lumbar region (“0”, “1 or 2”, “3 or more”). The presence of low back
pain was signiﬁcantly higher in participants with three or more DD
(OR 1.75, 95% CI: 1.11e2.81, P < 0.05), but not in those with one or
two DD (OR 1.34, 95% CI: 0.84e2.20, P ¼ 0.22), as compared with
participants without DD.
Discussion
This study is the ﬁrst to report the prevalence and distribution of
DD over the entire spine using whole spine MRI in a population-
based cohort. The prevalence of DD over the entire spine and in
each of the three spinal regions was higher in older participants. In
addition, we noted that the presence of DD was signiﬁcantly
associated with low back pain in the lumbar region but not with
neck pain in the cervical region.
Battié et al. reviewed the prevalence of DD in the lumbar region
and noted that it ranged from 20% to 83%29. Consistent with the
observations of this review, other reported prevalence levels of DD
in the lumbar region have shown wide variation between samples
and have often been quite high because the studies had certainTable II
Prevalence of DD by age strata in men and women
Entire spine Cervical Thoracic Lumbar
Men Women Men Women Men Women Men Women
Age strata (years)
<50 71.0 77.0 26.3 27.9 15.7 11.4 55.2 71.2
50e59 91.5 93.1 47.4 49.1 49.1 35.3 86.4 91.3
60e69 98.4 95.5 66.1 54.4 61.5 63.2 96.9 94.3
70e79 95.8 99.4 80.9 72.0 73.0 79.6 96.6 96.5
S80 93.2 97.4 86.3 85.5 79.4 88.9 82.1 84.5
Values are percentage.drawbacks, including relatively small sample sizes1,30, narrow age
ranges5,31, and asymptomatic subjects32. However, no previous
study has assessed the prevalence of DD over the entire spine using
whole spine MRI. We noted that the prevalence of DD over the
entire spine exceeded 70% in participants less than 50 years of age
and was greater than 90% in participants older than 50 years of age.
Little epidemiological data are available concerning DD in the
intervertebral space using MRI assessments in a population-based
cohort. Matsumoto et al.4 reported that the prevalence of DD in
the cervical region was the highest at C5/6 (86% in men and 89% in
women over the age of 60 years). In addition, Hanagai et al.33 and
Kanayama et al.34 reported that the prevalence of DD in the lumbar
regionwas the highest at L4/5 (67%; mean age 68.4 years) and L5/S1
(49.5%; mean age 39.7 years), respectively. In the present study, the
prevalence of DD was the highest at C5/6 (51.5% in men and 46.0%
in women) and L4/5 (69.1% in men and 75.8% in women). The
prevalence of cervical DD in the previous study by Matsumoto
et al.4 was higher than that in the present study. However, the
subjects were recruited from volunteers in the hospital rather than
a population; thus, the capacity for strict comparisons are limited.
Furthermore, few studies have reported age-related DD in the
thoracic region. Matsumoto et al. reported that the highest preva-
lence of DD occurred at T7/8 (30.9%; mean age 48.0 y) followed by
T6/7 in the thoracic region; however, all 94 participants in this
report were asymptomatic35. In the present study, we conﬁrmed a
high prevalence of DD at T6/7 in the thoracic region. This ﬁnding is
supported by results from thoracic MRI investigations demon-
strating a high prevalence of DD in asymptomatic individuals.
The distribution of prevalence of DD was similar to the align-
ment of the spine in the sagittal plane, such as cervical lordosis
(C3eC7), thoracic kyphosis (T1eT12), and lumbar lordosis (L1e
L5)36. The high prevalence of DD in the lumbar region can poten-
tially be explained by mechanical stress. Our results support the
hypothesis that compressive stress affected DD, since compressive
stresses are the highest in the mid-thoracic region of the entire
spine37. Mechanical stress on the thoracic intervertebral disc is
reduced due to stabilization by the thoracic cage, and therefore, the
thoracic intervertebral disc may be affected by the detrimental
effect of compressive stress caused by posture on the sagittal bal-
ance of the spine38. This study also provides the ﬁrst mapping of
intervertebral spaces with DD over the entire spine byMRI analysis,
which adds to our knowledge of the distribution of prevalence of
DD in the cervical, thoracic, and lumbar regions, which has been
reported only fragmentarily in previous reports.
Our current results conﬁrmed that age was a signiﬁcant factor
associated with the presence of DD in all three regions. Previous
studies reported that the association of DD to factors such as height,
weight, and gender was uncertain; however, age, obesity, smoking,
and occupation have been suggested to be DD-associated factors39e
42. The previous studies focused almost entirely on the lumbar re-
gion, and the identiﬁcation of associated factors may be challenging
for this region because it is affected to a greater extent by various
factors, includingmechanical stress. Moreover, it remains unknown
what other factors (beyond age) are associated with DD in the
cervical and thoracic regions6,13. In the present study, overweight
and obesity signiﬁcantly inﬂuenced DD in the cervical and thoracic
regions (cervical; OR: overweight 1.38 [95% CI 1.00e1.90], obesity
1.60 [95% CI 1.04e2.51], thoracic; OR: overweight 1.64 [95% CI 1.17e
2.29], obesity 3.12 [95% CI 1.91e5.19]), and obesity also signiﬁcantly
inﬂuenced DD in the lumbar region (OR: 2.56 [95% CI 1.20e6.14]). In
a previous study, Samartzis et al. reported that DD in the lumbar
region was signiﬁcantly associated with overweight and obesity39.
However, DD in the cervical and thoracic region did not demon-
strate a signiﬁcant association with BMI, as reported by Okada
et al.6 and Matsumoto et al.35. Of note, the previous studies were
Table III
Prevalence of intervertebral spaces with DD over the entire spine by age strata in men and women
Age strata
(years)
C2/3 C3/4 C4/5 C5/6 C6/7 C7/T1 T1/2 T2/3 T3/4 T4/5 T5/6 T6/7 T7/8 T8/9 T9/10 T10/11 T11/12 T12/L1 L1/2 L2/3 L3/4 L4/5 L5/S1
Men
Total 28.3 30.2 38.6 51.5 43.5 26.8 20.3 23.4 22.2 24.0 28.4 32.4 31.8 28.7 31.4 25.0 24.0 17.5 30.0 51.5 59.3 69.1 66.7
<50 10.5 10.5 13.1 15.7 13.1 5.2 5.2 7.8 7.8 5.2 10.5 7.8 5.2 2.6 2.6 2.6 0.0 0.0 2.6 10.5 7.8 34.2 47.3
50e59 6.7 11.8 15.2 37.2 27.1 10.1 8.4 6.7 11.8 11.8 16.9 23.7 27.1 16.9 20.3 16.9 13.5 5.1 15.2 35.5 61.0 74.5 50.8
60e69 35.3 36.9 49.2 50.7 40.0 21.0 20.0 24.6 23.0 27.6 27.6 35.3 32.3 36.9 41.5 23.0 24.6 18.4 40.0 60.0 69.0 76.9 75.3
70e79 35.9 35.9 49.4 64.0 51.6 34.8 24.7 26.9 25.8 30.3 33.7 38.2 41.5 35.9 40.4 37.0 31.4 26.9 39.3 69.6 73.0 79.7 79.7
S80 39.7 42.4 47.9 67.1 65.7 46.5 32.8 39.7 32.8 32.8 41.0 42.4 36.9 35.6 35.6 30.1 35.6 24.6 39.7 56.1 58.9 63.0 65.7
Women
Total 21.9 24.8 35.8 46.0 33.3 13.6 15.2 23.1 29.8 31.7 35.9 37.7 36.2 34.2 32.7 28.7 23.8 20.0 31.7 49.7 61.9 75.8 70.9
<50 2.2 3.4 10.3 20.6 10.3 1.1 0.0 1.1 4.5 0.0 1.1 4.5 3.4 5.7 4.5 4.5 1.1 0.0 4.5 12.6 18.3 49.4 56.3
50e59 11.2 9.4 23.2 36.2 23.2 3.4 6.8 12.0 15.5 15.5 16.3 18.1 19.8 12.9 13.7 10.3 6.9 6.9 15.6 35.6 55.6 73.9 70.4
60e69 13.9 20.8 31.0 43.6 29.1 11.3 13.2 18.3 29.7 32.2 37.9 39.8 31.6 32.2 30.3 19.6 15.8 14.5 25.3 55.0 66.4 85.4 75.9
70e79 33.7 34.8 46.5 53.4 42.4 16.2 22.0 34.3 41.2 44.7 50.0 50.0 47.0 45.9 44.7 42.4 34.3 26.1 44.7 64.5 80.2 86.0 81.9
S80 40.6 46.6 57.6 66.9 52.5 32.2 27.1 40.6 45.7 51.6 57.6 61.0 66.9 61.8 57.6 56.7 52.9 46.1 57.2 62.3 67.5 69.2 58.9
Values are percentage.
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on our ﬁndings, obesity appears to have some inﬂuence on the
process of DD over the entire spine.
An association between DD in the lumbar region and low back
pain was previously demonstrated in a twin study43. Moreover,
Okada et al.6 reported an association between neck pain and DD in
the cervical region, whereas Arana et al.7 found an association be-
tween neck pain and DD in the upper thoracic region. Of interest,
no agreement has been reached regarding the most appropriate
deﬁnition of neck pain and low back pain in population cohorts7.
Nonetheless, we observed a signiﬁcant association between the
presence of DD in the lumbar region and low back pain.
The present study has several limitations. First, it was a cross-
sectional study, and therefore, the transition to DD cannot be
clariﬁed. Second, the participants included in the present study
may not represent the general population, since they were
recruited from only two local areas. To conﬁrm whether the par-
ticipants of the Wakayama Spine Study are representative of the
Japanese population, we compared the anthropometric measure-
ments and frequencies of smoking and alcohol consumption be-
tween the general Japanese population and the study participants.
No signiﬁcant differences in BMI were observed (men: 24.0 and
23.7, P ¼ 0.33; women: 23.5 and 23.1, P ¼ 0.07). Further, the pro-
portion of current smokers and thosewho consumed alcohol (those
who regularly smoked or consumed alcohol more than once per
month) in men and the proportion of those who consumed alcohol
in women were signiﬁcantly higher in the general JapaneseTable IV





50e59 (vs <50) 2.45 (1.5e4.06)**
60e69 (vs <50) 3.62 (2.26e5.91)***
70e79 (vs <50) 7.87 (4.86e12.9)***
S80 (vs <50) 16.9 (9.68e30.5)***
Men (vs women) 1.20 (0.89e1.64)
BMI (WHO-Asian category)
Underweight (vs normal) 0.91 (0.49e1.70)
Normal 1
Overweight (vs normal) 1.38 (1.00e1.90)*
Obesity (vs normal) 1.60 (1.04e2.51)*
BMI category for Asian was based on World Health Organization (WHO) guidelines de
(>27.5). OR ¼ odds ratio, CI ¼ conﬁdential interval.
*P < 0.05, **P < 0.001, ***P < 0.0001.population than in the study population, whereas there was no
signiﬁcant difference in the proportion of current smokers in
women (male smokers, 32.6% and 25.2%, P ¼ 0.015; female
smokers, 4.9% and 4.1%, P ¼ 0.50; men who consumed alcohol,
73.9% and 56.8%, P < 0.0001; womenwho consumed alcohol, 28.1%
and 18.8%, P < 0.0001). These results suggest the likelihood that in
this study, participants had healthier lifestyles than those of the
general Japanese population44. This “healthy” selection bias should
be taken into consideration when generalizing the results obtained
from theWakayama Spine Study. Third, the Pﬁrrmann classiﬁcation
introduced a comprehensive MRI grading system based on the
assessment of structure, the distinction of the nucleus and annulus
ﬁbrosis, the signal intensity28, and the height of the intervertebral
discs27. However, bony endplate alterations, osteophyte changes,
spinal stenosis, and disc protrusion are not covered by the Pﬁrr-
mann classiﬁcation. Therefore, it is necessary to perform in-
vestigations that include these morphological changes. Finally, the
accuratemeasurement of obesity, such as abdominal obesity and/or
body composition, might reveal that obesity has a stronger asso-
ciation with DD; however, the present study examined only BMI as
ameasurement of obesity. Thus, we plan to examine the girth of the
abdomen and body composition using electrical impedance in the
assessment of human body composition (the BIA method) in a
future study.
In conclusion, this study is the ﬁrst one to investigate the
prevalence of DD over the entire spine in a large population of in-
dividuals to establish baseline data for a prospective longitudinalnder
Thoracic Lumbar
OR (95% CI) OR (95% CI)
1 1
4.60 (2.53e8.76)*** 4.47 (2.44e8.48)***
12.0 (6.77e22.7)*** 9.95 (5.02e21.3)***
24.9 (13.8e47.6)*** 15.0 (7.26e34.5)***
47.0 (24.5e95.6)*** 2.94 (1.71e5.13)**
0.88 (0.64e1.21) 0.70 (0.45e1.09)
1.36 (0.71e2.67) 0.81 (0.38e1.84)
1 1
1.64 (1.17e2.29)* 1.14 (0.71e1.85)
3.12 (1.91e5.19)*** 2.56 (1.20e6.14)*
ﬁning underweight (<18.5), normal (18.5e23), overweight (23e27.5), and obese
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highest at C5/6, T6/7, and L4/5 in the cervical, thoracic, and lumbar
regions, respectively. DD in the cervical, thoracic, and lumbar re-
gions was signiﬁcantly associated with age and obesity. A signiﬁ-
cant positive associationwas observed between the presence of DD
in the lumbar region and low back pain.
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